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AN Summary

Y Pl

We treated four anesthetized dogs 'Canis familiaris) with
the platelet activating factor (PAl"Y  receptor antagonist
kadsurenone prior to 60 min of wmultifecal ischemia induced by
air embolism, and measured neuronal recovery, blood tlow and
autologous Ll1IIn-labeled platelet accumulation for 4 h  after
ischemia. Four anesthetized animals with identical ischenmia
served as controls. Kadsurenone (3 mg/ky) administered 5 min
prior to ischemia and continuously (I me/kg/hr) thiroughout
ischemia and recovery significantly  enhanced recovery of
cortical somatosensory evoked response (CSER) amplitude (7 of
baseline) when compared to controls (27-367 vs 9-147, 1 <«
0.05). We estimated platclet accumulation as Tliln activity
(cmp/g tissue) in the injured hemisphere minus that in the
non-injured hemisphere. Kadsuronoqe treated animals did not
exhibit significantly altered Hlrg-labeled platclet
accumulation when compared to controls (6158 ™ 2386 vs 9979+
3852, mean ** SEM). Beneticial effecrs of PAF receptor
blockade other than those on platelet accumulation mav
b involved. +

- ~

Experimental evidence supports the accumulation of platelets in regions
of low hlood flow following multifocal cerebral ischemia and the production
of  platelet auggregates following stroke (1,2). 1Inhibition of platelet
activation 1is a lopical approach to prevention and therapv of cerebral
vascular disease. The unstable metabolites of  arachidonic acid initiate
one pathway of platelet activation, and inhibition of their production
improves outcome after multifocal ischemia and may prevent <troke (3,4).
Platelet activating tactor (A1)  is a very powerful stimulus to platelet
aggregation in  rabbits, humans and dogs, with eoffective doses in the
nanomolar vrange (5,6). PAIY has a specific membrane protein recoptor
on platelets, leukocvtes, and smooth muscle, (6) and produces leukocovte
activation and  smooth  nuscle contraction, in addition to awpregatinge
platelets  (5). We  report rhe effectiveness of a specific PAL Teceptor
“locking  asent, kadsurenone, in improving  the outcome of multiforal
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brain ischemia induced by air embolism (7,8,9).
Methods

Eight conditioned male mongrel dogs were anesthetized with alpha
chloralose and mechanically ventilated. Appropriate catheters were inserted
to allow for monitoring of blood pressure, sampling of arterial blood for
periodic hematocrit and blood gas measurements, and infusion of anesthesia
and drugs. Temperature was maintained between 37.5 and 38.5 °C with warming
pads. A PE-50 catheter was placed in the right internal carotid for the
injection of air. After initial preparation, 102 mls of blood were
withdrawn into 18 mls citrate and the platelets were separated and labelled
with 11lin as previsouly described (1). The red cells were reinfused, and
electrodes mounted in the skull for recording the cortical response evoked
by left median nerve stimulation (CSER).

The P1-Nl amplitude of five responses was averaged as a baseline value,
then the kadsurenone or the kadsurenone vehicle was infused. The c¢voked
responses were then re-recorded 1o be certain there was no direct effect of
the drug. The ischemic period then began with the injection of 50
microliters (ul) of air into the right internal carotid. Every 90 secounds
for the next hour, the CSER was neasured, and doses of 20-40 11l were gpiven
according to a predetermined, rigid rule system designed to maiitain
the P1-N1 amplitude between 10 and 20% of the baseline value (3).

Immediately after ischemia, the autologous Nlpptabeled plateler s oy
infused and CSER measurements were made every 10 min during a 4 h recovery
period. At the end of ischemia, '“C iodoantipyrine was infused for the
autoradiographic determination of blood flow after euthanasia with saturated
KCl, the brain was removed, frozen in freon at -70 °C and each hemisphere
divided coronally into 3 segments. Samples of watershed area cortex from
each segment and each hemisphere were excised, weighed, ard counted on a
gamma counter without further preparation. The right-left hemisphere
difference (cpm/g) of 11lIn activity was then calculated for each segment
and averaged to give a mean for each animal (1). The frozen brain was then
cut into 20 micron sections for autoradiography.

Four animals were treated with an intravenous bolus of the PAF receptor
antagonist kadsurenone (3 mg/kg) followed by a continuous intravenous
infusion (1 mg/kg/hr) for the entire 5 h duration of each experiment. FEach
10 mg aliquot of kadsurenone was dissolved in 200 ul of dimethyl sulfoxide
(DMSO) and then suspended in 20 ml of phosphate buffered saline (I'BS) by
rapid vortexing at 50-60 °C immediately prior to infusion (7). Four control
animals were administered and eaqual volume of MSO/PRS  vehicle in  an
identical manner. The control and treated animals were done alternately.

Samples of citrated blood were removed prior to drug administration and
at 5, 15, 60 and 240 min after therapy from all treated animals and from 2
controls. Platelet rich plasma (PRP) obtained from these samples was
employed in aggregation studies with threshold concentrations of PAF
(0.1-0.15 uM L phosphatidylcholine, B-acetyl, O-alkyl; Sigma, St. Louis) to
assay for evidence of in vivo drug effect (7). Percent inhibition was
calculated using the maximal transmittance at ! min after stimulation with
PAF. Two-way analysis of variance was applied to the CSER data to test the
effect of time and treatment. Individual comparisons were made using
Wilcoxon rank sum., All results are reported as mean * standard error.

Results
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The mean evoked response control amplitude prior to administration of
kadsurenone was 233.6 £ 31.9 uv (4 dogs). Five min after injection of
kadsurenone, the mean amplitude was 231.6 * 30 uv; there is no significant
difference between these values,

We estimated the severity of ischemia in both groups by comparing the
following indices: 1) the amount of air administered (0.3! + .0.10 ml
control, vs 0.30 £ 0.04 ml treated); 2) the percent of readings during
ischemia that were < 20% of baseline CSER amplitude (84 + 6 wvs 82 % 7); 3)
the percent of readings during ischemia that were < 10% of baseline CSER
amplitade (31 £ 1V vs 43 ¢ 11): 4) the CSER amplitude (% of baseline) at
the end or ischemia ( 9 + 1 vs 11 * 1). No difference between groups was
detected. Platelet aggregation induced by 0.1 uM PAF in animals receiving
kadsurenone was inhibited 95 * 5% at 15 min and 46 * 18% at five hours
following initial infusion of the drug. The response of platelets in
PRP obtained from control animals (n = 2) to PAF at all & time points was
unchanged from pre-ischemia aggregation.

CORTICAL SOMATOSENSORY EVOKED RESPONSE AMPLITUDE, MEAN t STANDARD ERROR
100

80 4

Control

---------- Kodsurenone
70 o

10

Begin Eng

1 hour 2 hours 3 hours 4 nour
{schemio Ischemia —_ e

T
Recovery

FIG. 1

Effect of Kadsurenone treatment on CSER recovery (% of baseline
P1~-N1 amplitude) versus time after onset of ischemia. The
abcissa shows time after onset of ischemia; the ordinate is the
percent of baseline evoked response. The difference between
treated and control groups was significant p < 0.05.
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The time course of CSER amplitude recovery is shown below. A two-way
ANOVA for repeated measures applied to this data shows a significant
difference in favor of treatment (p < 0.05) with ao significant effect of
time, although the treatment effects appears most marked duriny the first
hour of recovery. The Wilcoxon rank test shows a sipgnificant difference
in recovery 20 min after ischemia which persists at 1 hr. Percent
recovery at 20 min, ! hr, and 4 hr was 35 ¢ 3%, 36 * 37, and 27 *
hs in treated animals. The contro! recoveries at the sume  time points
were 11 * 3%, 12 + 2%, and 14 * 7%, Despite erlancea CSER revovery.,
kadsurenone did not significantly alter autologous 1liTn-labeled platelet
accumulation after 4 h of recoverv. The Injured hemisphere minus
control hemisphere CPM/g value (average of anterior posterior and middle
segments), mean and SEM for four animals, was G138 ¢ 386 (treated)
and 9979 * 3852 (controls).

The method wused to cut the btrain vyielded sections that allowe!d
identification of 9 gray matter arcas and 6 white matter areas for each
animal. The blvod flow in each area was calculated lrom densitometer
readings and averaged for the gray and white matter areas for cach group.
There was no difference in the blood flow in anv single area bhetween the
groups, nor was there any difference in averase blood flow. The averawve
gray matter flow (ischemic hemisphere, mls/100z/min) in the control group
was 68 * 15 and 120 * 58 in the treatment oup. White matter  flow

(ischemic lemisphere) was 18 + 7 in the contiol and 33+ 14 in
the treatment group. Since air embolism produces arcas  of very  low
fiows surrounded bv areas of higher flows, which tond Lo aAVeroe e

to normal, we also calculated the number of animals in bhoth groups that
had flows below 6 mls/100g/min in the white matter, and 15 ml=/100q/min
in the wuray matter. These flows are associated with scvere neuronal
dvsfunction (3). The treatment group had no flows in this range, hut ‘wao
animals in the control group had verv low flows, one havin., 10 arcas of
severe damage, another having one area.

Discussion
Our results deronstrate that kadsurenone adninistered
prophvlactically improved outcome after multifocal cerehral ischenia
induced by air embolism. The improved outcome i manifested bv  improved
evoked response amplitude, but this is not accompanied bv anv change

in platelet accumulation. The estimate of platelet accumulation has
a large variance, however, and thus this result is not  statistically
powerful. Kadsurenone infusion had noe cffect on cvoted  response
amplitude prior to ischemia, thus its effect would secem to  be
on pathophysiologic mechanisms of ischemia.

We have previously shown that platelets accumulate in arcas of low
blood flow followingy ischemia (1). Platelet aneregates mav  well
contribute te worsening biood flow in the isrhen i rerion,
therebv  impeding recovery. The apparent dissociation improved outcome
and continued platelet accumulation with a therapy  designed  to
inhibit platelet function is therefore surprising, but there ire
several reasonable explanations for this dissociation. Although we were
able to show that the doses used in the study  inhibited platelet
aggregation  induced by 0.1 micromolar PAF  in peripheral arterial
blood, kadsurenone 1s a reversible competitive inhibitor of the PAF
receptor  (7.8,9), and we have no data on the concentration of the
drus in  the affected brain area. Hence, it s pos=ible that loacal
concentrations of PAF in the injured zone mav have ceveecded the  thro-holtd
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for aggregation. In addition, it is probable that PA¥ is not the only
mediator of platelet aggregation involved in the process of platelet

accumulation during ischemia. Metabolities of arachidenic acid have
powerful effects on platelets and manipulation of this system improves
recovery following ischemia (3,10,11). Exposure to subendothelial

proteins is a powerful stimulus to platelet aggregation (12). 1t is
likely that inhibition of maltiple systems of platelet activation
would be required to completely eliminate accumulation. 1t is even
possible that accumulation of platelets represents adhesion to damaged
endothelium that does not require platelet activation (13), and therefore
would not be affected by inhibitors of platelet aggregation. [Finally, it
is possible that platelet accumulation may have differed at earlier time
points when the evoked response recovery differed.

the effects of PAF are not limited to platelet activation,
and inbivition of these other effects may be responsible for the improved
CSER recovery. PAF  stimulates leukocyte aggregation and production of
superoxide anion, leukotriene B4, and PAF (14). We have shown

that leukocytes accululate in the ischemic area within four
hours following air embolism (15). Inhibition of PAF induced activation
may therefore reduce the damage caused by these leukocvtes. In
the absence of platelets or leukocytes, PAF causes coronary

vasoconstriction and decreased contractility (16,17) and mediates the
hvpotension produced bv  endotoxin (7). Injected into the skin, it
produces edema (18). Kadsurenone antagonizes the hypotensive response
and binds to receptors on leukocvtes and smooth muscle (5,19). Thus, it
is possible that the beneficial effect of kadsurenone may be due to
reduction of edema or to improvements in local collateral circulation,
although the extent to which PAF is involved in these phenomenon
in the brain is wunknown. There 1is no direct evidence for the
existence of PAF receptors in the brain, although the peripheral anti-Par
receptor effects of triazolobenzodiazepines, which are psvchoactive, have
led to speculation about receptor similarity (20).

Inhibitors of PAF represent a novel approach to treatment of
ischemia. Results of this studv suggest that further work in this area
might be promising, but do not prove that PAF is involved in brain injurv
following ischemia.
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